Abstract: Effects of different concentrations (25, 50, 75 and 100%) of uranium tailings conditioned with garden soil on growth and biochemical parameters in sunflower were studied. The shoot and root length, fresh and dry mass as well as leaf area and chlorophyll contents showed significant negative correlation with the applied uranium tailing concentrations. The influence on plant growth was also measured in terms of Tolerance Index (TI) and Grade of Growth Inhibition (GGI). Yellowing of leaves was recorded in all the tailing concentrations. Soluble proteins (leaf) showed significant enhancement as the concentration of uranium tailing increased indicating a breakdown of structural insoluble proteins. Survival of sunflower plants over 100 days on higher tailing concentrations (up to 75%) showed that sunflower may be helpful in revitalization of uranium mining waste.
Introduction
Nuclear testing, reactor operations (Entry et al., 1996) , improper waste storage practices (Jones & Serne, 1995; Liator, 1995) and uranium tailings (Jhonson et al., 1980; Sheppard & Thiabault, 1984) result in soil contamination with uranium. The tailings are produced by extraction of uranium and consist of overburden from both strip and open-pit mines as well as the by products of ore proceeding in milling facilities (Hossner et al., 1998) . The uranium tailings generally contain 85% of the total radioactivity originally present in the ore (Tsivoglou & O'Connell, 1964; Jhonson et al., 1980; Sheppard & Thiabault, 1984; Jain, 1996) . In addition to the radiological hazards associated with the long-lived uranium isotopes, there is an increased chemical toxicity of uranium to animals and plants (Dreesen et al., 1982) .
Umra mine (Udaipur, India) had been in operation in the form of exploratory mine in the years 1957 to 1962 (Jain, 1996) . The benefaction of the ore resulted in the production of large amount of waste, which is lying in the form of large black heaps on the western flanks of Umra. The waste is quite inhospitable as only a few plant species are growing in their marginal region (Jain, 1996; Jagetiya & Purohit, 2005) .
In the present investigation growth performance of sunflower in different tailing concentrations was studied to know (1) the optimum concentration of garden soil for conditioning the tailing, which can be used for revitalization and (2) the effect of different tailing concentrations on the growth and biochemical characteristics of the tested plant species.
Material and methods
Uranium tailings were collected from Umra region in plastic bags and later air-dried. The tailing was conditioned with garden soil in the ratio of 0:100, 25:75, 50:50, 75:25 and 100:0. Some of the physical and chemical properties of garden soil as well conditioned tailings at various levels are given in Table 1 . Two kilograms of each mixture were filled in pots. Ten seeds of uniform size of sunflower, Helianthus annuus L. var. Sungold double orange were sown equidistantly at the depth of 2.5 cm. All the treatments were replicated three times. The pots were placed into the greenhouse and watered daily. Seed germination and visual toxicity symptoms were recorded. Concentration of chlorophyll and soluble proteins (leaf) were estimated according to the methods described by ARNON (1949) and BRADFORD (1976) , respectively.
After 108 days plants shoot and root length, fresh and dry mass as well as leaf area and biochemical parameters were determined. The effect of different tailing concentrations on root growth was also expressed in terms of tolerance index (BAKER et al., 1994) and dry mass production in terms of Grade of Growth Inhibition (LEITA et al., 1993) : The results were subjected to statistical analysis for the computation of regression equations and correlation coefficients.
Results

Growth parameters
Early visible symptoms of the toxicity were the disturbance of germination and change in leaf colour. Germination percentage showed negative correlation with an increase in tailing concentration. Seeds either failed to germinate or died in seedling stage at 100% tailing concentration (Tabs 2 and 6) . Yellowing of the leaves at all tailing concentrations was observed, and mutational changes in leaves were also noticed in pure tailings.
Leaf area, shoot and root length, fresh and dry mass and tolerance index significantly decreased in all the tested tailing. Maximum decrease in the above mentioned parameters was found at 75% tailing concentration. The extent of growth inhibition significantly increased with the applied tailing concentrations and the maximum was found with 75% tailing concentration. The parameters could not be studied at 100% tailing concentration because of insufficient plant material (Tabs 2-4 and 6).
Biochemical parameters
A gradual and significant reduction in the content of chlorophyll a, b and total chlorophyll was observed with increasing concentration of uranium tailing with maximum decrease at the 75% tailing concentration.
There was a significant increase in the soluble proteins with all applied tailing concentrations, with a maximum increase at soil: tailing ratio of 25:75 (Tabs 5-6).
Discussion
There is contradictory information on the toxicity of soil uranium to plants (cf. Sheppard et al., 1992) . Stoklasa & Penkava (1928) , Bevilotti (1945) , Bacquerel & Rousseau (1947 ), Fevilli (1948 , Drobkov (1951) , Canon (1952) , Sultanbeav (1971) , Morishima (1976) , Sheppard et al. (1992) , and Jagetiya & Purohit (2005) reported that low levels of uranium concentration stimulated plant growth while Jain & Aery (1996) , Jain (1996) , Aery & Jain (1997) , and Hafez & Ramadan (2002) showed detrimental effects of uranium.
The Grade of growth inhibition (GGI) represents the effects of uranium tailing concentration on dry mass (Leita et al., 1993) . In sunflower, it showed a progressive increase with increasing tailing concentration. Growth inhibition in both, shoot and root could be associated, in addition to the loss of cellular turgor, also with a reduced extensibility of cell wall. These types of effects could result from stiffening of cell wall, partly regulated by extracellular peroxidases, responsible for cross-links formation between extension molecules and feruloylated polysaccharides and for the polymerisation of monolignols (Fry, 1986; Pandolfini et al., 1992; Jain, 1996) .
The effect of tailings on root growth has also been shown with the tolerance index (TI) indicating both Table 6 . Relationship between uranium tailing concentration, growth and biochemical parameters (Y = Growth and biochemical parameters; X = Applied uranium tailing concentrations). (Aery, 1992) and metal tolerance of specific crop varieties to ascertain their suitability for growing in contaminated soils (Shahandeh & Hossner, 2002) . The present investigation showed that sunflower variety Sungold double orange is moderately tolerant to uranium tailings. In our investigations all tailing concentrations inhibited the chlorophyll contents. Decrease in chlorophyll contents was also observed by Jain (1996) , Aery & Jain (1996) in Triticum aestivum. Similar results were also observed by Hafez & Ramadan (2002) in Eichornia crassipes who attributed the decrease in chlorophyll biosynthesis to probable replacement of Mg 2+ ions by uranium ions. Similarly as Jain (1996) and Aery & Jain (1996) , we also observed gradual increase in soluble protein contents with the increased concentration of uranium. This would certainly lead to reduction in the total protein contents and indicates an increased break down of structural proteins. It is an additional marker of a change from normal to deranged synthetic activity (Dutta, 1980) . Bors & Fendrik (1983) reported that the toxicity of tailings might be due to the isotopes of uranium. There are 14 naturally occurring isotopes of uranium; 238 U has a natural abundance of 99.2830% and consequently this isotope and its decay products are of prime substances in tailings. The α and β particles emitted during disintegration of uranium seem to produce continuous ionisation in the medium, which interferes with the metabolic processes.
Phytoremediation is emerging as an attractive alternative to high energy-cost of the traditional cleaning methods. This new technology employs the use of higher plants capable of accumulating high levels of contamination in shoots. Following harvesting the shoot biomass can be disposed of a final repository after volume reduction (ashing) (Fuhramnn et al., 2004) . The present investigation demonstrates that sunflower can tolerate uranium to a certain level and hence can be used to filter contaminated runoff and in hazardous radioactive waste sites.
Our study also indicates the necessity of addition of garden soil before re-vegetation. The conditioning can improve the quality of tailings and provide better environment by alteration in nutritional status and physico-chemical properties for healthy environment.
